Seven redox stages, the dication 12+, the radical cation It, the neutral 1, the radical anion IT, the dianion 12-, the radical trianion 13-, and the tetraanion 14-, are indicated by cyclic voltammetry for the bisphane 1, in which the benzene decks of two lateral paracyclophane moieties are orthogonal to the plane of anthracene framework. In I t and l', the unpaired electron is accommodated into the central anthracene subsystem, and the same statement holds for the two positive or negative charges in 12+ and 12-. Formation of 13' and 14-occurs through admission of additional electrons one-by-one into the two paracyclophane moieties flanking the doubly charged anthracene subsystem in 12-. The above-postulated, successive release or uptake of electrons by the individual parts of the bisphane is in perfect accord with the hyperfine data determined by ESR and ENDOR spectroscopy for If, IT, and 13-, as well as for radical ions of suitable reference compounds.
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Results and Discussion. -Redox Potentials. Table 1 lists the oxidation and reduction potentials obtained for 1-3 by cyclic voltammetry. The four values involving the redox steps lz+/lt, l+/l, 1/17, and 17/12-resemble the analogous data for 2'+/2*, 2'12, 2/2T, and 2-/2'-, in accordance with the successive release or uptake of two electrons by the anthracene subsystem of 1. As in the next redox step, 12-/13T, an extra electron ought to be accommodated into a paracyclophane moiety, the third reduction potential of 1 should be comparable to the first one of 3, at which this compound is converted to 3-. The substantially more negative value for 12-/137 than for 3/3-is presumably due to the presence of two negative charges in the anthracene subsystem, so that the uptake of an electron by the dianion 12-to yield the trianion 13? is more difficult than the reduction of the neutral 3 to its monoanion 37. In this respect, it is worth mentioning that [2.2]paracyclophane itself is reduced at almost the same potential (-3.00 V vs. SCE [3] ) as l2-to 13-. In the further redox step, 13?/14-, the fourth extra electron presumably enters the phane moiety other than that bearing an unpaired electron in 137, as such a step leads to less electrostatic repulsion than placing a second negative charge in the same moiety. and iO.001 mT for the absolute values larger and smaller, respectively, than 0.1 mT. When no general-TRIPLE resonance spectra could be observed, the signs of the coupling constants are given in parentheses. n H means an undetermined number of interacting protons.
This assumption is consistent with the fact that the difference in potentials between the redox steps 12-/13-and 13-/14-(0.07 V) is much smaller than the one between 3/3-and 3-/32-(0.30 V).
Radical Ions. The radical cation 1' was generated by oxidation of the bisphane 1 with AlCl, in CH,Cl,, while reduction of 1 with K i n 1,2-dimethoxyethane (DME), 2-methyltetrahydrofuran (MTHF), or in a mixture DME/N,N,N',N',N",N"-hexamethylphosphoric triamide yielded the radical anion lT. Figs. I and 2 show the ESR and ENDOR spectra of 1' and l-. The proton-coupling constants, which do not markedly depend on the solvent and temperature, are given in Fig. 3 together with the corresponding values for the radical ions 2' and 2T produced from dibutylanthracene 2 under the same conditions as 1' and lT (g = 2.0026 f 0.0001 for all four species). The signs of the coupling constants were determined by general-TRIPLE resonance spectroscopy [4], taking for granted that those for the a -and P-protons are negative and positive, respectively') (see, e g . , [51). The striking similarity of the hyperfine data for the radical ions of 1 and 2 leaves no doubt that all coupling constants observed for 1' and 1-belong to protons in the dihexyl-substituted anthracene subsystem. The assignments of the two largest values are based on comparison with the hyperfine data for the a -and P-protons in the previously studied radical ions of 9,lO-dimethyl-(4) [6] and 9,lO-diethylanthracene (5) [7] ( Table 2 ) . The For clarity, the numbering of the positions in 2, 4, and 5 is retained in the anthracene subsystem of 1. Four protons of two CH, groups. Six protons of two Me substituents.
finding that the coupling constants of the four CH, P-protons in the radical cations l', 2', and 5' and in the radical anions l?, 2-, and 5-are approximately half as large as those of the six CH,P-protons in the corresponding radical ions 4' and 4-is readily rationalized in terms of a preferred conformation of the CH, group in the alkyl substituents. In this conformation, the bond between the C-atom bearing the CH, P-protons and its C-neighbour in the alkyl chain eclipses the 2p,-axis at the substituted TC-centre (for analogous examples, see [S] ). Radical Trianion. When a solution of 1-in DME or MTHF was brought into a renewed contact with K metal, the ESR spectrum of the radical anion decreased in intensity due to the formation of the diamagnetic dianion 12-. Upon prolonged exposure of the solution to the metallic mirror at 195 K, the disappearance of this spectrum was followed by the build-up of a new one which is shown in Fig.4 together with the corresponding ENDOR signals. The prominent feature of the new ESR spectrum (g = 2.0024 & 0.0001) is a hyperfine splitting of 0.122 mT due to 16 protons and half as large as the coupling constant of eight equivalent protons at the two benzene decks of 3- (Fig. 3 ) [9]. It is, therefore, obvious to attribute the new ESR and ENDOR spectra to the radical trianion 13?, in which the central anthrdcene subsystem bears two negative I) In ESR spectroscopy, protons separated by 0,1,2,3, ... sp3-hybridized C-atoms from a n-centre are denoted charges, while an unpaired electron is accommodated into one of the lateral paracyclophane moieties. Under the conditions used for the recording of these spectra, the electron exchange between the two equivalent phane moieties is fast on the hyperfine time-scale (ca. lo7 s-'), so that spin population appears to be evenly delocalized over both moieties. The frequency of such an exchange is determined by the rate of counterion migration between two preferred equivalent sites of the negative charge in the radical anion [lo-121. This rate depends, inter uliu, on concentration of the counterions and can be slowed down by continuing the reduction process. In fact, when the contact of the solution of 13-with K mirror was maintained, every second component of the sixteenproton hyperfine pattern in the ESR spectrum of 13T became gradually weaker, indicating a transition to an eight-proton pattern spaced by a twice as large coupling constant which is diagnostic of spin localization on one paracyclophane moiety (for similar phenomenon, see [lo] ). The final ESR spectrum then observed is reproduced in Fig. 5 ; the corresponding ENDOR signals could not be detected at this stage. According to the cyclic voltammogram of 1 (Table I ) , exhaustive reduction of this compound ultimatively leads to the tetraanion 14-, in which two electrons should be located one-by-one in the relatively remote paracyclophane moieties (see above). Thus, a ground or low-lying triplet state is expected for 14-. To detect such a state by ESR spectroscopy, exposure of a MTHF solution of 13-to the metallic mirror at 195 K was extended to a period of several weeks, after which the solution was frozen down to form a matrix. However, no signals characteristic of a triplet state could be observed outside the central absorption by l':, where such signals should be found upon reduction of a doublet-state radical (for relevant examples see [2] [ 101 [ 121) . This failure is probably due to the large distance (1.3 nm) between the two electrons, estimated as that between the centres of the two phane moieties. The zero-field splitting parameter predicted for such a distance is 1.4 mT [13] [14], a value considerably smaller than the total spectral width of 2.1 mT for 13T. As a consequence, the stronger x,y-components of the triplet-state signals would be completely masked by the spectrum of 13-, while their much weaker z-counterparts would be obscured by the wings of this spectrum2). Deuteriation of 1 at the benzene decks of the phane moieties should reduce the total spectral width of 13?-to 0.6 mT and uncover the presumed triplet-state signals of 14-. However, preparation of 1 labelled in these positions requires too great synthetic effort to be considered as a practicable procedure.
The location of spin and/or charge in the redox stages of 1 is schematically represented in Fig.6 .
12+
-A <- Instrumental. Cyclic voltammograms of 1, 2, and 3 were recorded on a PAR potentiostat model 173 with programmer model 175 and on a Metrohm Polarecord EN6 with V A Scanner E612/VA Stand 663. The experimental conditions, under which these data were obtained, are given in Table 3 . ESR Spectra were taken on a Varian-E9 instrument, while a Bruker-ESP-3UU system served for ENDOR and TRIPLE-resonance studies. This work was supported by the Schweizerischer Nationalfonds zur Forderung der wissenschaftlichen Forschung. We thank U. Buser of Base1 laboratory for preparing a sample of 2.
